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Abstract
In Hong Kong, abalone culture is not pet satanlish
industry, even thou h many fishermen are enshusiastic
in this industry. Some have been made
which may contribute to this induies have been made
Studies are made on the artificial diets for abalone
because of the unstable supply of fresh seaweelds in Hong
Kong. In groups of abalone that were fed with chier reaweeds.
diet( about 30% crude protein )showed petential beten
growth than the control prou fed with duried seaweeds.
Enzymatic analysis of ruroteolytic and amylolyticactivi ties
in the hepatopancreas extracts showed no significant
difference in the groups. However, different colours of
the hepatopancreas were detected such that they appeared
black in the seaweed-fed abalone and dark brown in the
abalone fed with artificial diets.
Beneficial effects of EDTA were diseovered on the SEO
abalone in the heavy metal pollnted water.The toxichen
of two heavy metals, copper and zinc, could be reduced
by the chelation of metal ions by EDTA.
Healthy and mature spawners of Haliotis diversiersieoler sah
be induced to spawn white the combination of uv-light
irradiated water, and the dermal stimulation methes
in Hong Kona. The proem of high mortality in the hatshed
larvae has yet to be solved .
As a preliminary evaluation of the the potentiality of abalere
culture in Hong Kong, it is sugges ted that the eartern
coastal water i s a potential area to estahli S cage
culture of abalone.
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Abalone is the most common name used in English for
marine gastropods of the genus Haliotis( Family Haliotidae).
They are characterized by their ear-shaped shells, their
rounded shell perforations overlying the respiratory
cavity, and their shell apertures. Worldwide, there are
about 130 species and subspecies plus a number of hybrids
( Cox, 1962). From prehistoric times abalone has been
used as food by man. They are valued as a highly palatable
source of meat protein in parts of the United States, Europe,
Mexico, Australia, Africa, China and Japan( Ebert, 1969).
Abalone shells are used for ornamental purposes. The Asians
have eaten abalone as an n elixir of life for centuries.
It is known that antiviral and antibiotic substances are
present in the abalone muscle( Li, 1960)„
Abalone catching and processing have become industries
in several countries, and in recent years Australia has
become the world's largest producer( Montgomery, 1966;
Harrison, 1969). Bardach et al. (1972) cited that the
population of abalone in many commercially harvested
areas is diminishing. For this, efforts by many countries
have been increasingly directed towards better management
and enhancement of the natural stocks( revman, 1967,. 1967;
Ohepherd and Helene, 1971-)•
Actually, researches on the abalone have been carried out
for a long time. Cox( 1962) gave an excellent historical
review of all published works on Haliotis beginning with
Aristotle in the Ath century B.C. Because the genus is
world-wide there is a great deal of literature of vhich
the main works are: Crofts( 1929, 1937) anci Carlisle
( 1962), anatomical and larval studies; Ino( 1952) and
Morse et al.( 1977), propagational studies; and Leighton
and Boolootian( 1963), ecological studies.
Haliotis can be found in the rocky shores with abundant
marcoflora within 20 rn water depth. Most species are active
at night but the movements are limited. They grasp on the
seaweeds by means of their radula( Leighton, 1966). For
the Western water species, such as H. rufusens, H. tuberculata
and H. crasherodii, they tsLe at least three years to
become about 10 cm in length( Cox, 1962). The growth
slows down after the shell has reached 10 cm in length( Cox,
1962; Ino, 191-3)• Mature abalone has the tendency to
move from deep water habitat to shallow water shores for
spawning( Hayashi, 1990; Poore, 1973). The errr, are ferti-
lilized under the water. nihe larvae show a clear rositive
photo tax'1, s during the trochorhore stare but are negatively
pho tot actio in the veil gen stare( Tana-: a. 1970; llano
and Orawa, 1077). After the planktonic life, Lhe larvae
take metanorohosis and come to the benthic 1 i.f o as adu 1.1s.
Thev feed on the benthic micro-algae at first, then similar
diets as the adults( Leighton and Boolootian, 1°63; Tno.
152). The growth of young abalone is comparatively fast
during the first two years( Cox, 1902; Chen and Yang, 1979)•
For many years, aquaculture of abalone has been developed
in Japan and intensive researches have been made( Kojima,
1981; Saito, 1981)• In prefectural hatcheries, length
about 19 mm .juveniles are raised and sold to fishermen's
cooperatives. Then the seed abalones are planted along
the coastline in areas where there are abundance of sea¬
weed. Then the abalones are harvested two or three years
later when they reach the marketable size. In California
of the United States, aquaculture- schemes with a similar
system have been established with the involvement of
private hatcheries and the rearing of planted abalone on
the leased, subtidal areas( Veatley et al., 1980).
Cage culture of abalone has been attempted in Japan(
Kijima, 1981), China( Xing Tung Aquaculture Institute,
1980 ). Successful and commercial proCitable pond cultures
have been developed near the rocky shoreline in Taiwan
in recent years (Chen and Yang, 1979)•
Species of abalone found in Hong Kong seashores are
Haliotis diversicolor diversicolor Reeve and H. varia
Linnaeus(Tseng and Vong, 1985). However, in the fish
markets, other species, such as H. diversicolor aquatilis
and H. asinina, can also be found(Table 1)• They are
usually imported by fishermen from Pratas Island and the
coasts of Southern China And some cultured abalone are
imported from Taiwan by air Fresh abalone is highly priced
because it is a gourmet dish in Plong Kong The most welcomed
species is H. diversicolor diversicolor from local and the
seashore of mainland China with 5-6 cm length. The retail
price is from HK120 to HK200 or more per catty and varies
in seasons. The highest price sought is around the Chinese
Few Year period. Since the demand is great while the supply
Is low due to the unfavorable conditions of diving for abalones
as the sea temperature is low during that period. On the
other hand, the price of abalone drops to the lowest point
in the summer.
Actually, the population of the local species is quite
small. Only in the Eastern part of the Hong Kong, the
seashore may be suitable for the growth of abalone.
Since the local abalone is a warm-water species. It occupies
the rocky crevice and surf with rough water in the low-
tide zone and down to 10 m depth. The animals settle or
thrive in clean seawater with high salinity and abundant
seaweeds.
As a result of marine pollutions due to industrialization
and urbanization, suitable areas for the growth of abalone
are decreasing. It was said by the older fishermen that
abalone could be found in the Tolo harbour many years ago,
but there is none in existence at present. The declining
yield has also been attributed to the impact of commercial
and amateur divers.
Therefore, from the economic point of view, there is a
moderate potential for the development of abalone culture
in Hong Kong, due to the decreasing of yield and the high
price fetched in markets. However, this will require an
extended period of research, development of methodologies
and pilot project testing.
Four years ago, some fishermen in Tap Mum attempted to
culture abalone along the seashore. They enclosed part
of the subtidal region by wire-nets. Then young aba].ones
( less than A cm in length) collected from the sea were
placed in the enclosed region. They were fed with fresh
seaweeds, such as Sargassium sp., occassionally. However,
the results were not encouraging as a large number of
abalones were lost. This might be due to predation, or
the abalones might have been able to escape through the
nets. Still, many fishermen hope to develop this abalone
culture in Hong Kong, prompted partly by the success of
the local fish culture.
As a pilot research project for abalone culture in Hong
Kong, some biological aspects and. culturing techniques
have been studied.
For aquaculture, sufficient and stable food supply is an
important factor to be considered. From previous reports,
abalone mainly feeds on seaweed. Although many species
of marcoalgae can be found in Hong Kong waters( Tseng,
19 AO), however, the populations are not large. And
the growth of seaweed in summer is scarce because of
the high water temperature.
So seaweed supply may fluctuate, Using dr i ed seaweed or
artificial diets may be a way of solving the problem.
Food tests as well as the applicability of artificial
diets on H. diversicolor aouatilis are discussed in this
thesis. Besides, the effects of metal ions on the growth
of the young abalone are also studied.
Artificial propagation of H. diversicolor aouatilis in
Taiwan( Chen and Yang, 1979) as well as H. diversicolor
diversicolor in mainland China( Chen et al, 1979) are
quite successful. But the propagational technique still
has not been established in Hong Kong. In this thesis,
the induced spawning technique and embryonic development
are described and discussed.
Table 1: Keys to the abalone found in Hong Kong fish
markets
1a The shell is larger in size and the number of per¬
foration is six to nine
2a The irregular spiral ribs and growth lines are
significant.
..... Haliotis diversicolor diversicolor Reeve (Fig.l)
2b The irregular spiral ribs and growth lines are
less significant.
..... Haliotis diversicolor aquatilis Reeve (Pig.2)
1b The shell is smaller in size and the number of per¬
foration is less than seven
33- The shell is thin, ear-like in shape and the
surface is smooth.
Haliotis asinina Linne
3b The shell is thick, semi-circular in shape and
the surface is coarsely convex.
Haliotis varia Linnaeus
AB
Fig. 1 Haliotis diversicolor diversicolorrwim o'fcjwrararotf »sa»»-ga»«»g»vC».iiii tr-.scaiwWJ,MIC .niryjwjqea
A: Dorsal view- B: Ventral view
AFig. 2 Shell of Haliotis diversicolor aquatills
A: Surface B: Inner
Chapter Two
Studies on the Artificial Diets for
Young Abalone
2.1 Introduction
The food and .'ceding habits of abalone have been studied
by nanv scientists. Brovn seaweeds predominate in the
diets of most abalone being studied: Haliotis cracheridii
( Leighton and Boolootian, 1963), H. rufescens, f.
fulgens,( Cox, 1962; Leighton, 1966), II. gigantea( Ino,
191-3) and K. discus hannai( Ino, 1952; Sakai, 1962 a).
However, alternative diets are also known.
Poore( 1972) concluded that floral composition had a
major effect on abalone's diet which vary markedly even
within a small geographical area. Pood selection is also
found only if there is a surplus of food. Several species
°6 Haliotis have been shown experimentally to select
their diets. In Japan, H. discus hannai has been observed
that they prefer brovn algae Undarla to .red or green algae
( Sakai, '1962 b). Also, the experiments assessing the
effect of diet in abalone1s growth rate have pointed out
that brown algae( Eisenia, Undaria) are more efficiently
assimilated and promote faster growth than red algae(
Pachyrnenia, G-olidium)( Ino, 1952; Sakai, 1962 b)» For
H. cracherodii, most brovn algae and red algae( Gigartina)
are effective weight producers( Leighton and
Boolootian, 1963)•
However, in abalone culture the most convenient and
cheapest seaweeds are usually used as feeding diets. In
mainland China, haminaria japonica is used to feed abalone
( 6 diversicolor) since it has a stable supply. In many
provinces of China, L japonica culture is very success¬
ful, and can be harvested annually( Xing Tung Aquaculture
Institute, 1980). In Taiwan, Gracillia sp. is used as
abalone diet since it also has a stable supply( Chen
O X! Vr r-j p rj Cl'~) O
In Hong Kong, steady fresh seaweed supply is a problem
because there is no local seaweed culture and the produc¬
tion of natural seaweeds fluctuate very much season¬
ally. So artificial diet may be used to solve the problem
of food supply for the culture of abalone. The aim of
this experiment is to study the nutritional value of
different diets and the feasibility of using such diets.
2.2 Materials and Methods
o P 1 'Experimental animals
Young abalones of' II. dI vcrsicq 1 o r' aquati Jim vore
collected from the Kowloon Abalone Hatchery of
Taiwan. The animals were firstly acclimatized in
the Marine Science Laboratory( MSL), the-Chinese
University of Hong Kong( CTJHK), for one week with
water temperature of 18+ 2 0.
After the acclimatisation period, ten anal ones witn
length of 12—1A nun re -o -lacof In a plastic box
( 12 x 13 x 8 cm) with numerous pores and covered
by a net. The boxes with animals were sunk into
the middle level of an indoor pond containing
80 m of natural seawater that pumped from the
pier of MSL. The warerflow rate was maintained
at 3 literminute, heavy aeration was applied to the
nond water( Fig. 3
Diets of different contents( Table 2) were pro¬
vided ad libitum throughout the experimental periods.
Possible residue was washed away every other day.
Twenty animals were used in each group. Different
groups of abalone were fed with different diets
and dried Laminaria japonica was used as control
group. The water temperature was 18+_ 3 C during
the experimental periods, and the length of abalone
was measured with a vernier calipers after 35 days.
2.2.2 Procedure of Diet Making
Dry seaweed( Laminaria japonica) was added as
vitamins or minerals which may exist in dry sea¬
weed..
At first, 10 g seaweed together with 300 ml dis¬
tilled water were blended into minutes particles
that formed a sticky solution. The other consti¬
tuents( Table 2) were mixed and poured into
the seaweed solution. After thoroughly mixing,
it became a deducible mess. A roller was used to
press the mess into thin sheets, and the sheets
were then cut into strips In order to solidify
the diet, 10 or above CaCl was added. Later
the diet was hardened and could be picked up.
Tor further hardening and replacing sodium from
sodium alginate acid by calcium ions, the diets
were placed into the OaCl solution for one
hour, lie diets could be stored up for use
in a dry nlace after sunlight-dry or dined
in a 50°C oven for overnight.
2.2.3 -Enzyme Activities .Determination
Sampling Te chnique s:
The abalone was killed by bleeding and the foot
muscle was punched off from the shell. After
washing the exposed hepatopancreas with distilled
water, it was dissected, away from the surrounding
gonadal tissue, the stomach and the gut. The
weighed and minced tissue was immediately placed
in 3 nil of cold Tris-HCL buffer( pH 7.5) and
was homogenized for 20 seconds in a high speed
Ultra-Turrax homogenizer. This homogenate was
centrifuged for 15 minutes at 11,000 r.p.m. The
clear supernatant was then assayed for enzyme
activities.
Proteases:
Total proteolytic activity was determined at room
temperature 25 C by means of a modified method
after Charney and Tomarelli (194-7)- One ml of the
diluted enzyme solution was incubated, ion 10 min¬
utes with 1 ml of azocasein as substrate( 27 azo-
casein in 0.1 u Tris-HCl buffer pH 7-7- Ihe re¬
action was stopped by adding 8 ml of lp trichloro¬
acetic acid including the substrate blank tube.
The contents of each tube are filtered through
filter paper. To a 0.5 ml aliquot of the filtrate
was added 5 ml of approximately 0.8 N NaOH and
the optical density of yield chromophoric protein
deviatives was read photometrically at a wavelengon
of AO1o nr..
Amylase:
The amylolytic activity was determined photome¬
trically by the method from Smith and Roe (194-9).
Phosphate buffer was replaced by Tris-HCl buffer of
pH 7.A in the procedure. Properly diluted enzyme
was incubated in the substrate( 2% soluble starch)
at room temperature 25 °C for 30 minutes. was
added as color reagent. The optical density was measured
at a wavelength of 580 nm at room temperature.
Calculation of the enzyme activity
The enzymatic hydrolysis of a protein is a first
order reaction, the velocity constant of which is
expressed by the equation:
Since the color-concentration relationship of
sulfanilamide asocasein and its digestion products
obeys Beer's lav, optical density values may be
substituted for the concentration values. Proteo¬
lytic activity is expressed as units per jug pro¬
tein of the hepatopancreas extract per minute.
The amylase unit is defined as the hydrolysis of
1 mg starch per minute. The activity is expressed
in units per jug protein in the hepatopancreas
extract per minute.
2.2.4. Muscle and Diet Contents Determination
The contents of water and fat in muscle and diet:
The foot muscle and diet were put in preweighed
tubes and weighed. After drying in oven to
constant weight at 80-100 C for 48 hours, the
samples were cooled in a desiccator. The percen¬
tage of tissue water was calculated by weight
difference. Petroleum ether( B.P. 60-80°C)
was added into the tubes containing the sanrol es
that had been ground before, 'he solvent was
renewed every other day until a clear solution was
obtained. Then the petroleum ether was drained and
the tubes were dried again in oven. After cooling
in a desiccator the percentage of lipid was calculated
by weight difference.
The water and fat contents were expressed in per-
c entage s of wet wei ght.
Muscle and diet proteins:
The muscle and diet protein were determined by
the modified Lowry et al•( 1951) method according to
Hartree (1972). The reagents used were as following:
a. Standard: Bovine serum albumin( 2 mgrnl)
b. Solution A: 2 mg potassium sodium tartrate
and 100 mg .NaC0_„ were dissolved
in 500 ml 1 N NaOH and diluted with
water to 1 1.
c. Solution B: 2 mg potassium sodium tartrate and
1 mg CuSO. 5H.pO are dissolved in
90 ml water and 19 oil 1 N NaOH was
added.
d. Solution 0: 1 volume Folin-Ciocalteu reagent
(Merck) was diluted with 15 volume
water. This solution must be prepared
freshly.
The foot muscle and diet were weighed accurately and
digested with 1 ml of 5 N NaOH solution in boiling
water bath for 30 minutes. The mixture was then
diluted to 50 ml. 1 ml of the diluted alkaline
solution was mixed with 0.9 ml solution A. After
ten minutes in 50°C water bath the tube vas cooled
and 0.1 ml solution B was injected. Ten minutes
later 3 ml solution 0 were added with constant
shaking. The samples were then placed in 50°G water
bath for 10 minutes. After cooling the optical
density was read, at 650 nm.
A sh
Dry muscle or diet was weighed into a 30-ml crucible
that has been ignited, cooled in a desiccator and
weighed after reaching room temperature. It was
heated in a furnace at 600°C to constant weight,
then cooled in a desiccator and weighed after
reaching room temperature.
P T?P c-n 1 -h o
2o• 1 The length change of young abalonos after fed with
different diets( Table 3)
In experiment 1 which took place during 7283-
11383? the abalones were fed with artificial diets A,
B, C and also dried seaweed as control diet. Assessing
by Student t-test at the critical level P0.05, sta-
tistf cally significiant differences in the lengthLJ'
change after 3P day experimental period were found
between the artificial diet groups A, B, G and the
control group. The artificial diet groups had greater
length changes.
In experiment 2 which took place' during 28283-
2A83, the group D( diet with about 55 c rude
protein) animals showed less length change than
the group A animals that the feeding diet containing
about 30 crude protein. Statistically significant
difference was found to be P 0.028.
The experimental period( 33 days) still is quite short
to show very sirnificiant difference in length of aba! one.
however, the dofference between the arti ficial diet groups
and the control group is still can be asseeseed.
Bv observation, the loss the diets left in the
culture box, the faster the consumption by the
animals. One might conclude that young abalones
rrefer feeding on artificial diets than the dry
seawe ed, Laminaria japonica. Sinc e e qual dry
weight of diets were given to each group of
the animals.
the newly grown shells of all groups of animals
were green in color. While the hepatopancreas
of abalone fed with dry L. japonica was black
in color and the hepatopancreas of all groups
of artificial diet-fed abalone were dark brown
in color.
2.3.2 Enzyme activities of the hepatopancres of abalone
Proteolytic and amylolytic activities of the
hepatopancreas of abalone were determined. The
data is shown in 'table 5. There was no expected
difference in the above enzymes bobween the sea-
weed-fed and artificial diet-fed abalones. 'die
difference was not statist:.cally significant.
2.3-3 T}'ie chemical composition of abalone fed with
different diets( fable f)
The ani.mal tested was bdeed to death, and tissue
analysis was done after an hour. The leased
plasma was not taken into account to calculate
water percentage and other composition in the
foot muscle. Also, three ybung abalone were
pooled as one set for analysis. The data in
fable A is the average of two set animals.
No statistical method was applied, to assess
the difference among the groups.
2. A Discussions
In 1981, IJki investigated the food value of Larainarial.es
for the growth of the abalone II. discus hannai. Better
growth was found in abalones fed with young seaweeds
than abalones fed with seaveeds that were in the repro¬
ductive stage. Chemical analysis of seaweeds showed that
higher crude protein was found in young seaweeds than
in the seaweeds in reproductive stage. Also in the same
report, he pointed out that H. discus hannai fed on L.
religiose together with a species of bryozoa, Membranipora
membranacea, were found to grow faster than those fed
with the same plants but without bryozoa. As in 1963,
Leighton and Boolootian investigated the stomach content
of abalone H. cracherodii and discovered that ten percent
was sessile fauna such as Bryozoa. So we may conclude
that abalone needs additional nutrients such as protein
from the other animals.
Ogino and Ohta( 1963) and Ogino and Kato( 196A) fed
abalone with artificial diets of different protein contents
of which white fish powder was used as ;;he protein source.
The results showed that constant daily growth rate obtained
for the abalones fed with diets of 20-309 protein content.
A increase in growth rate for the 15 protein group
and a considerable increase in growth rate for the
grour fed with diets which have more than oO•' protein
content. They concluded that the increase in the daily
growth rate with higher protein levels may be attributed
to the presence of unidentified growth factor(s) for
abalone in the white fish meal.
Furthermore, the results from this project showed that
soybean powder as well as fish may have the potential
to support a better growth of abalone, thus soybean
powder may also have the unidentified growth factor(s)
for abalone. But this unidentified growth factor needs
further investigations.
The abalone fed with diet containing by 9 protein did
not show higher growth rate than the abalone fed with
30 protein diet. In contrast, less length gain was
found thus may show that the abalone cannot digest
such high level of protein.
In many fish species, various diets may cause a change
in the activity of protease( Hofer, 1979 b; Kawai and
Ikeda, 1972) and amylase( Holer, 1979 a). However, in
the result of enzymatic analysis of the abalones which
were fed with artificial diet( with about pO9 crude
protein) and dried seaweeds, no significant differences
were observed in the proteolytic and amylolytic activities
of the hepatopancreas of the young abalones. This may
be that proteolytic enz)res are present in the abalone
and are ready for digestion of certain amounts of protein.
Different colors of the hepatopancreas were detected such
that the hepatopancreas appeared black in the seaweed-
fed abalones and became dark brown in the abalone fed
with all kinds of artificial diets in the experiment.
This may be caused, by several factors: many studies have
been made about the enzymes in the hepatopancreas extracts,
and Nakada and Sweeney( 1997) discovered two alginic
acid elirninases, Bennett et al.( I97i) also discovered
a number of different glycosidase activities such as
-L-fuconidase, ,-D-galacyosidase, etc. in H. rufuscens.
The different colors thus found in abalones fed with
different diets may be due to changes in the enzyme
activities other than the protease and amylase. But
this needs further studies to support it.
Masaoka( 1930 a,b) fed young abalones ifh artificial
diets in float.inn: cares in a pond with a continuous wale•
renewal: also, aeration was applied in the cares. The
resultant growth was lower than expected. He conclud3d
that it might be due to the inside cage water with
insufficient water exchange and oxygen supply. Moreover,
the diet residue left in the cages and the pond might
spoil the waster cniality that could hinder the growth of
abalone.
Similar as above results were found in this experiment.
The growth rate was lower than that in Taiwan, this might
due to the insufficient oxygen supply and water exchange
similar to the situation discussed by Masaoka. The other
factor that might hinder the growth was due to the polluted
culture water by heavy metals. And further study on this will
be discussed in the later chapter.
To conclude, it is feasible to use artificial diet since
in may beneficial to the growth of young abalones. However,
it is very important to note the pond design and its
management when artificial diets are applied to pond-
cul (;u re d a 1) a]. on e s, bee au s e the f 1 o w ra t e o 1 waver, i c s
exchange, the oxygen supply and the removal o r residue
must be closely guarded.
AD
C
A: Water inlet B: Water outlet
C: Air stones D: Wooden bar
E: Abalones in pored box with net
Fin. 3 Gross-view of the culture rond and other experimental
facilities.
Table 2: Contents and composition of diets
Diets
Contents( gm) Compositions(%)
Sodium Dry White Soy Starch Agar Crude Crude Ash Va t eOthers
alginate seaweed fish bean protein fat
powder powder
control 0 111- 0 0 0 0 15.3 1.9 15-1 10.0 57.7
A. 20 10 40 0 40 4 23.4 1.9 6.2 16.2 L-n
B 20 10 20 20 40 4 25.0 3.0 4.4 14.1 55.0
C 20 10 0 40 40 4 26.5 5-6 5.1 15.5 47.~
D 20 10 80 0 0 4 55.2 2.4 8.1 21:0 -3.
Table 3: The length( mm, Mean+ Standard deviation) and the
growth of abalone fed with different diets after 33 days.
Di e t s Initial length Final length Length gained Daily growth






15.725± 1.84 16.325± 1.77 0.60± 0.36 17.6
15.379± 1.63 16.521± 1.65 1.09+ 0.70 32.1
15.522+ 1.68 16.533± 1.71 1.01+ O.52 29.7




18.100+ 0,30 19.090+ 1.00 0.99+ 0.4 29.1
17.800+ 1.30 18.535± 1.10 0.73± 0.4 21.6
Sralistically different from control group at significance levels
P 0.025,8 0.005 respectively
Statistically different from group A at significance level P 0.025
Table'-: Chemical composition of abalones fed vith different
diets( co)
Diet Water Crude Crude Ash Others
protein fat
Control 20.5 19.2 20 1.1 172
A 22.8 18.5 2.9 1.4- 573
B 21.0 1?.5 3-0 1.0 57-5
C 21.7 17-1 3-1 1.2 56.9
T) P P -i u l P P. 0 0 SO 7
Table 5' The enzyme activity of hepatopancreas extract Irom
abalon.es fed with seaweed and artilicial diet
Diets P r o t e o 1 yt i c acti vi t i e s
i,i n i t m g p r o t e i n m i n u t e









10.12+ 1.13 2.24 t 0.5
Chapter Three
Studies on the Ahalone in Heavy
Metal Polluted Water with EDTA
3.1 Introduction
Different kinds of heavy metals are normally found in
marine environments- Heavy metals are essential for the
living organisms, such as He, Ou, Zn, Go, Mn, Or, Mo, V,
Se, Ni and Sn. However, industrial pollution, in some
cases, has elevated the natural levels of metals and a
number of studies have been conducted to assess the effect
of such pollutants on living marine resources( Bryan,
1971).
for examples, Brereton et al.(1973) found that growth
would not be inhibited by 0.05 ppm(0.025 uM) of zinc
in larvae of the oyster Crassostrea p;igas, but higher
concentrations could produce inhibition and 0.2 ppm(0.1
uM) hindered growth. Morse et al.(1979) stated that
cooper ions interfered the Y-aminobutyric acid induction,
of larval settling and metamorphosis of abalone.
A number of studies have emphasized on the importance of
synergistic effects of the natural environmental factors
and pollutants(Olson and Barrel,1973; Thurberg et al.
1973). The physiological effect of a pollutant stress
may be altered when such factors as temperature and
salinity are varied.
Bryan (1971) also summarized that the toxicity by means
of Lc50 for a particular metal in a particular species
can be changed by the following factors:
1) the form of metal in water,
2) presence of other metals or poisons,
3) factors influencing the physiology of organisms
and possible form of metal in water,
4) condition of the organism,
5) behavioural response.
These studies brought more details on the effects of heavy
metals on marine organisms. However, how to improve the
water quality from pollution is still an important problem
waiting to be solved for aquaculture.
Ethylenediaminetetraacetic acid( EDTA) is used routinely
in the intensive culture of penaeid shrimp larvae to
increase both the percentage of eggs, hatching and survival
of the larvae( Beard and Wichins 1980; Mock and Murphy
1970). As explained by Lawrence et al. (1981) that the
beneficial effects of EDTA are probably cine to the chelation
or heavy metal ions by EDTA. In which, the chelation lowers
the free concentration of these ions and thus reduced their
toxicities.
So far, one cannot find any published papers that have
investigated if there are any beneficial effects of EDTA
on abalone culture. Also reoorts on the effects of heavy
metal on abalone, especially on the growth of the abalone
is scarce.
The purpose of this study is to determine the toxicity
of two heavy metals, copper and zinc, with the presence
and absence of EDTA, to young abalone Haliotis diversicolor
aquatilis. The effect of addition of EDTA in the culturing
water on the growth of abalone at Marine Science Laboratory
Is also discussod.
3.2 M at e r i al s and M e th o ds
3.2.1 Toxicity of Cu++ and Zn'rr in the presence and
absence of EDTA on the abalone-
Two hundred sized 14-20 mm young ab atones were used
for this study. Tor 6 hours prior to the initia¬
tion of the experiments, the animals were acclimatized
in 32 ppt salinity artificial seawater( product of
Wiegandt Gmbh Co. from Vest Germany) and temperature
20-22 C. Then each group of ten animals were placed
into 5 litres of experimental solution.
Cupric sulfate, zinc sulfate and the tetrasodium
salt of ethylenediaminetetraacetic acid( EDTA)
were added to salinity of 32 ppt artificial sea-
water to be the experimental solutions. Five coneen-
trations of copper ions( 2, 10, 20, 100, 500 aFI)
and zinc ions( 2, 10, 20, 100, 500 uh) in both
absence and presence of 10 ppm EDTA were prepared
seperately. The concentration of EDTA as 10 ppm
was chosen since it is a common concentration used
in the intensive culture of marine shrimp 1arvae
( Mock and Murphy 1970).
Toxicity was evaluated in terms of percentage of
survivals of young abalone 24 hours after the
start of the experiments.
3.2.2 Effect of different EDTA concentration in culture
water on the growth of young abalone
Eighty sized 14-20 mm young abalones were used for the
study. Four concentrations (0, 10, 20, 40 ppm/liter)
of EDTA were prepared with natural seawater pumped
from the pier of Marine Science Laboratory at least
one hour before the experiment started. Each group
of animals (n=20) were cultured in each plastic tank
containing 20 liters of experimental seawater. Hollow
tubes were placed in the tank as shelters for the abalone.
The animals in each group were fed with equal amount of
seaweed and artificial diet. Culture water was heavily
aerated and renewed everyday for 34 days.
3.3 Results
3.3.1 Toxicity of Cu++ and Zn4+ in the presence and
absence of EDTA on the abaione
The survival percentage of young abaione after ?Ji
hours exposure to copper and zinc ions the survival
without the presence of EDTA are given in Tables
6 and 7-
At concentration of 2 uH copper ion the survival
percentage of young abaione are 100p with and
without the presence of EDTA. And at concentration,
of 10 ajN and 20 aiM copper ions with EDTA groups,
EDTA reduces the toxicity and thus a higher sur¬
vival percentage is recorded than the same concen¬
tration of conrer ion grouns without EDTA. But in
the concentrations of 101 aiK and 500 aiM groups,
copper ions are both toxic with and vithout the
presence of EDTA such that no abaione can survive
after 21- hours of exposure. From these results, it
indicates that the reduction of copper toxicity by
EDTA is dependent upon the copper ion concentration.
As observed with the survival percentage of young
abalone in the presence of copper ions, the effect
of EDTA on the survival percentage is also dependent
upon the zinc ion concentration.
When the concentration of zinc ion is low, the
survival percentages are similar, both with and without
the presence of EDTA. When zinc ion concentration
is 10 Aih to 20 uM, EDTA increases the percentage
of survivals since EDTA reduces the toxicity of
zinc. But when concentration of zinc ions is from
100 uM to 500 uM, no abalone can survive even
though EDTA is present.
3.3.2 Effect of EDTA in culture seawater on the growth
of young ab alone( Fig. 4)
The growth rate of young abalone in culture sea-
water with different concentrations of EDTA is
given in Table 8. In the 0 pprn group, the growth
change is significantly (P<0.05) different from
the other groups. The length change of abalone cultu-
ing in the water without EDTA is the least. This
result may show that the effect of EDTA is beneficial
to the growth o young abalone in the Marine tel.once
Laboratory. As 'or the 10 rrn, 20 arm and AO rvon
EDTA groups, there is no significant dif Terence
among them
The pH value of the culture water was cheched. here
was no significant difference among all the experi-
men-1al group s«
3.4 Discussions
The results of this study indicate that copper and zinc
ions are toxic to the young abalone H. diversicolor
aquatilis. Increase in the survival of abalone after 24
hours of exposure to copper or zinc ions in the presence
of EDTA was significantly shown. Those results can be
explained as there are many previous discussions by other
scientists, that is, the mode of action of the beneficial
effect of EDTA in algae culture( Morris and Russell 1972;
Sunda and Guillard 1976) and marine shrimp larvae( Law-
rence et al. 1981) is due to the chelation of heavy metals
by EDTA, thereby reducing the free ionic concentration of
heavy metals in solution, which in turn reduces the toxicity
of heavy metals. This mechanism may explain the beneficial
effect of EDTA on the survival percentage of abalone in
the presence of copper or zinc ions below 20uM.
As to why EDTA has no beneficial effect on the survival
of young abalone when copper and zinc ion concentrations
are 100uM and 500uM respectively, it may probably be
that the remaining heavy metals not chelated, by EDTA
is still toxic enough to cause 100% mortality.
.From the results showed that abaloncs oritur!ng in EDfA
treated seawater might grow better than the abaloncs
cultuning in the seawater without 1DTA. Since the pH
value of the culture water did not fluctuate after adding
different concentrations of EDTA in the experiment, the
beneficial effect of EDTA on abalone growth in Marine
Science Laboratory might indicate that the levels of some
heavy metals in the natural seawater were harmful to the
abalone and hindered the growth.
The concentration of corner and zinc in the filtered
seawater at Marine Science Laboratory ha~d been detected
directly by the atomic absorption spectrophotometer. The
data and the other scientists findings are showed in
Table 9- Also the surface water quality limits for aquatic
life in the United States, Australia and Canada are showed
in Table 10.
Substances in seawater which chelate heavy metals have
been reported to vary with locations and seasons( Lewis
et ai., 1971; .Davey et al., 1973; Sun da and Guilland, 1976;
Gillespie and Vaccaro,1973). Since heavy metal concen-
t rati oris also vary in inshore seawater vhich is used for
aquaculture, then, one cannot assume that adding a con¬
stant amount of EDTA to the culture water would be bene¬
ficial. Davey et al. (1973) pointed out that there is
potential of overchelation of trace metals which are
necessary for the growth of marine organisms. This over¬
chelation may have detrimental effects. Too high a con¬
centration of EDTA would lower the concentration of a
trace metal such as calcium be1ow the optimal level in
the culture seawater.
All of the preceding speculations indicate that more
research is needed in terms of heavy metal toxicity and
the role of EDTA or other chelating agents such as
ITTA( Sprague, 1968) in order to obtain a better
growth for abalones.
Table 6: Survival percentage of young abalones( Hallotin
diversicolor aquatilis) after ?A hours exposure
of copper ions in the absence and presence of
































Table 7: Survival percentage o.f young abalonen( Fialiotic
diversi color aquatilis) after ?i hours exposure
of sine ions in the absence and presence of

































Table o: The length( mm, Mean+ Standard deviation)
and the growth o.f abalone in culture water wi
different concentration of EOT A. in VA daya.
concentrat:
of EDTA
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Statistically different Prom control group( 0 pon)
at si mi fi ran or levels P 0 .0 S. V P. OPS esnecti vol v.
CONCENTRATION OF EDAT IN CULTURE WATER (PPM)
FIG 4 GROWTH RATE OF YOUNG ABALONE IN CULTURE SEAWATER
WITH DIFFERENT CONCENTRATIONS OF EDTA
'Table 9- The concentrations( ppm, Mean+ Standard devia tion)
of copper and zinc in the seavater at M8L.
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Table 10: Published surface water quality limits for aquatic life.
. mi mi i m m• m,» m• w-»-.. 1
Sources and Objectives
Parameter Canada Australia U O. I'd: A
1972 1 Q 7! 1976
Copper( Cu mg1 0.03 of 96-h LCrr 0.09 of 96-h LC„ 0.01 of 96-h LT-,
' pu 50 y-j
Zinc( Zn)' mg1 0.01 of 96-h LC 0.005 of 96-h IX? 0.01 of 96-h LCr
pO 60 pw
The value attained by multiplying the proposed application factor to the 96-h LCca
as determined by using the receiving water in question and the most sensitive
important srecies in the locality as the test organism.
Chapter Four
Studies On the Induced Spawning and
Embryonic Development of Abalone
4.1 Introduction
Haliotis is dioecious. 'There is no evidence of a sex
change although a monoecious form was rerouted by
Hurayama( 1935)• The single gonad occupies the sane
position in both sexes; it is extensively developed over
the digestive gland and extends posteriorly as a conical
appendage along the side of the columellar shell muscle.
Prior to and during spawning it covers much area of the
liver, stomach, renal organs and heart.
The abalone can be sexed by the colour of its mature
gonads; the testis is creamy white, while the ovary in
most species is dark green( Pig. 5)• In some species, like
H. diversicolor aquatilis, the ovary turns deep purple
during the spawning season. The gonads are readily observed
when the foot and epipodium on the right side of the shell
are pulled back.
Sex products are discharged into the right renal cavity
and are released through the external renal opening into
the respiratory chamber, and from there to the outside.
Fertilization takes place in the water.
The walls of the gonad consist of connective tissues
bound by germinal epithelium and are not contractile.
Extrusion of eggs is caused by the contraction of the
large adductor muscle which compresses the visceral mass
between the muscular foot and shell. In nature, srawninv
may follow sudden changes in temperature. One to two
hours of exposure to air at low tide, or any stimulus
causing sharp muscular contraction in the mature animal
may cause spawning.
Induced spawning can be carried out by thermal stimulation
( Ino, 1952), ultra-violet light irradiated so ammeter
( Kibuchi and IJl:i, 197-). sperm solution from scarifed male
abalone( Ino, 1952), hydrogen peroxide solution( Mrrse
et al. 1977), injection of ganglion suspension( Yahata,
1973) and other chemical methods( Yang and Chen, If80)
are verv successful on manv srecies of abalone.
In many countries such as Japan, the United States, Korea,
Taiwan, and mainland China, artificial propagations of
abalone have been successfully developed. However, in
Hong Kong the technique still has not been established.
Attempts of induced spawning villi be described in this
chanter.
For H. diversicolor diversicoIor( from Hons; Kon.p or
mainland China), the peak spawning season is from
mid-May to late June. However, spawner of H. diversicolor
aquatilis can be obtained only from December to late
January in fish markets.
A'-.2 Materials and Methods
4.2.1 Experimental animals
Mature and healthy spanners( 6-7 cm in length)
were selected from the fish markets and brought
to the Marine Science Laboratory, CIJBK, as soon
as possible. The animals were placed in a bucket,
aeration was applied and ice was used to cool down
the temperature when neccessary during the way
of transport. Then the spawners were acclimatized
in a flowing water pond in the Marine Science Laboratory
for one or two days before artificial inductions.
4.2.2. Induced spanning method
After scrubbling and a 0-m±nute desiccation in
air, female and male abalones were placed sepa-
rately into a water tank. The amount of water
depended on the number of abalones. Filtered sea-
water with salinity of 32 ppt and pli at 8.2, after
running at 4 literminute through ultra-violet
light was used. Then the water temperature was
raised at the speed of 1°C per hour up to about
A- G above the initial temperature, then it was cooled
rapidly at the speed of 2-4°C per hour back to
the original 10oon temperature. And the temperature
i.-.ras con raised again in the same way as above
if the animals did not srawn.
After the released eggs had sunk to the bottom,
they cere collected and placed into another water
tank for fertilisation. Then the sperms at con¬
centration of 100-200 tails for one eye were added.
A. 2. 3 OreV— out method
fertilized eyys were rinsed several times before
hatching, bin en thev sank to the bottom and. the
surface water was siphoned out, then fresh sea-
water were added again. This process would be
repeated until the trochophore hatched out. Three
hours after hatching, the veligers were put into
an outdoor rearing tink with the density of 1-3
individualml. When the young abalone were ready
to settle and metamorphosis, corrugated plastic
sheets which had Previously been immersed vertically
into tanks with running seawater to provide for
a r'iln or' benthic diatoms, were placed into the
tanks. When the abalone were about to commence
feeding on benthie diatoms, thev settled on
these co 1 lcctors. Light vas conming f rom a 1)ove,
that the abalone could edually scatter and
almac could carry out photosynthesis.
4.3 Results
4.3-1 Spawning of abalone
The attempts of induced spawning of abalone in
1982 and 1983 are listed in Table 11.
The spanning phenomena were observed( see also Fig.
6 and 7)- The spanners settled on the bottom when
the temperature was rising, and became active as the
temperature fell. The male abalones moved along the
bottom and ejaculated sperms from the 3-d and 4th
respiratory pores. Within 2 hours, the muscle of
male abalone contracted and sperms were ejaculated
over 200 times. The ambient seawater became milky.
The female abalones spawned a little amount of
eggs initially, then large amount of eggs were
extruded. The spawning action was different from
that of the males. The female moved to the water
surface and raised the front of its foot from the
wall of the tank, then the eggs were extruded by
contraction of the large adductor muscle which
compressed the visceral mass between the foot and
the shell. After spawning, the abalone moved bach'
to the bottom and then bach to the surface amain for
the next spawning, this continued until 13~ 12
of the eggs in the ovary were extruded. A 6 cm-
spawner could release at least 200,000 eggs.
The egg has a gelatinous layer and the diameter
is 200 ax while the diameter of the yolk alone is
180 Ai. In the experiment, only 20,000 eggs were
collected for further observations due to the
limitation of facilities.
A.3.2 Embryonic and larval development
The following descriptions are based on the attempt
made in 27-1-1983- See also Table 12 and Tig- 8.
Early development.
The first cleavage, total and equal, is meridional
and the 2-cell stage took place in AS minutes after
fertilization. About 1g minutes later, the second
cleavage o ecu red, again rneridionally and at this
moment the 4-cell stage was attained. The third
and fourth cleavage were latitudinal, unequal and
total. Between each cleavage, there was about one
hour's interval, there was resulting 8- and lb-
cell stages respectively. The morula stage tool:
place in a,bout 1 hours after fertilization.
Gastrulation was completed in about 8 hours. The
four large ectodermal cells in the vegetative
region were then covered up by the ectodermal
cells. The stomodeum was very distinct.
frochoDhore:
The transformation of gastrula into trochorhore
tool: 10 hours after fertilization. The prototrochal
girdle appeared during these changed. One hour
prior to hatching, the late trochophore began
a slow and continuous rotation by means of
the long powerful cilia on.the girdle, it then
ceased and the embryonic life of the animal ended.
The larva came out of the egg membrane, then
floated out and swam in the water within 12-13
hours of fertilization. Before hatching, the
stomodeum was discernible on the ventral side
and the shell gland on the dorsal side of the
trochophore.
Veliger:
After 1 J-1 r hours, t h e 1 a rva b e gan t o f o rm I; h e i. r
larval shell. At uhe same time the trochophore
changed into veliger. The large crown of the
trochouhore reduced its size and transformed into
velum. Then the shell immediately formed and
covered the body of the larva, but the velum and
the foot remained uncovered. 19 hours after ferti¬
lization, torson took place in the veliger. The
larval shell was completed and covered with small
spots. With the protection under the shell, shell
muscle, heart, eyes, opercle, mouth, anus, etc
began to form in the larva. The velum was still
there, but reduced in size,i disappeared when
the foot had well developed. The larva could then
creep on and attach it the bottom or collector
for locomotion and protection. So long as the
velum was functional, the veliger could still
use it for swimming. It began to search for
the substratum with the aid of its foot which
was by this time fully developed. However,
high m o rti1ity was ob s erve d in this stage.
Crawling larva:
Three days later, the larva finally abandoned its
swimming life and entered, its bottom life. The
opercle was then discarded, the velum was absorbed
and the larva began to form its post-larval shell
around the margin of the primary larval shell.
Late crawling larva:
The peristomal shell grew larger, the right side
was larger than the left side.
Finally in the experiment only 11 abalones could
be found in this stage of larval development.
The animals were then abandoned on the 6th day
after fertilization.
4.4 Discussions
The larval abalones are extremely sensitive to toxic
substances, lestley et al.( 1980) found that even
in a small amount of PVC glue, fiberglass and paint
fumes from paint could cause high mortility in larval
culture. Morse et al.( 1979) have shown that bacteria
could increase the mortility of hatched larvae and
metamorphosis was inhibited in the presence of low
concentration of copper ions and DDT residues.
As the attempts made in 1985, numerous larvae were
hatched in the waters that EDTA have been added,
but still high mortality was found in the veligers
before metamorphosis might have occured. Thus, these
deaths might be caused by factors other than heavy
metal ions.
However, the health of the spawners( i.e. the con¬
dition of the eggs) may also attribute to the sur¬
vival of larvae. Some of the spawners may have been
under stress in the fishing boats and will not spawn
even mature gonads can be seen externally. And large
sized( 7-8 cm) spawners carried more eggs than
the 6 cm-sized spawners. But successful induced span¬
ning is not easily obtained. Futher research is
needed to understand the physiological stages of
spawners which may affect the survival and growth
of larval abalones.
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Fig. 5 Mature abalone, Ilaliotis diversicolor diversicolor
A: Male B; Female
Fig. 6 Induced spawning of abalone by thermal stimulation
and UV-light incadiated seawaten on 27-1-1983.
AFig. 7 The spawning action of abalone.
A: Male abalone settle on the bottom and begin
to ejaculate the sperms.
B: Female abalone move to the surface of the
tank and contract the muscle to extrude eggs.
A: Fertilized egg
C: Embryo in d—cell stage
E: Morula stage
B: Embryo in 2-cell stage
D: Embryo in 16-cell stage

















Table 11• Attempts of abalone induced spawning in 1982-1983.
Pate Date Stimulus no. animal no. animal Water initial 2 emarks
adults spawned method attempted spavned treatment seawater
p n m v 1 temperature
11-5-82 11-1-32 UV+ 2$, J+% 1S, 1? Filtered 24° c 9 I :i r°» o o f .o rr
failed to hatchthermal
15-6-82 17-6-82 II .0
2 J, 1? 1 Filtered 26°G
09-1-81 11-1-83 UV+ 3 S, 4-$ 2£, 2f Filtered, 20°0 Abm orm a1 enb rvonic
developmentthermal 20-ppm EI3TA
27-i--T 2 -1-83 UV+ 3£ d•? 2 J, 3 3- Filtered, 20°0 Larva hatched
thermal 20ppm EDTA
dalioti s diversicolor diversicolor Hliotis diversicolor aouatllis
Table 12: Embryonic development ofHaliotis diversicolor




















apical tuft, shell gland)
hatched out trochonhore
veliger( velum, transparent shell)
torsion veliger( eye spot, foot,
opercle, larval shell)
late veliger( finger-like cephal
tentacle, epipodial process)















The mariculture of abalone is not yet practised in Hong
Kong. However, as the market demand for fresh abalone
( 5-6 cm) is getting higher, and less abalones can be
caught locally possibly due to overfishing or a decrease
in suitable habitats, many fishermen thus wish to make
such attempts. The success of experimental propagation
and cage culture of abalone in China and the profitable
and successful pond culture of abalone in commercial
farms of Taiwan, may stimulate the development of abalone
culture in Hong Kong.
Also, it is known that the growth rate of abalone Haliotis
diversicolor( less than 6 cm) is rapid. Beginning from
the fertilized egg, it takes less than 2 years to reach
the marketable size by pond culturing in Taiwan (Chen and
Yang, 1979). Also, different length abalone showed
different growth rate and the A-6 cm abalone had the
fastest growth( Xing Tung Aquaculture Institute, 1960),
So if abalone culture in Hong Kong is feasible and has a
fast turnover production, then it may be a potential and a
short-term industry to invest. However, before making
any evaluation of the potentiality of abalone culture in
Hong Kong, various aspects need to be taken into consideration.
5-2 The Potentiality of Setting up Abalone Culture
Area and Forms of Culture
To select a culture site, one must know the geomorphological
and hydrological nature of Hong Kong's coasts and coastal
water. Besides, local climatic changes must also be considered.
The optimal salinity range for abalone growth is between
30-36 ppt, and when salinity is below the above range,
abalone mortality rate is high( Chen and Yang, 1979).
So the possible culture site in Hong Kong is restricted to
the eastern coasts. In Fig. 9, the major ecological
subdivisions of the Hong Kong seashore is shown. The western
coasts of Hong Kong are estuarine influenced, and the
salinity is very low especially in summer. With the occurence
of the south-east monsoon rain, streams and rivers will
have large amount of freshwater and these extra volumes
of water will flush into the western coasts, especially
into Deep Bay making the area unsuitable for the growth
of abalone. The south-eastern rocky shores are directly
exposed to the prevailing wave action which will be a
suitable habitat for abalone growth. The north-eastern
coasts are highly saline with warm oceanic water particularly
in the winter months. Thus, the eastern coastal regions
may be an ideal area for the development of abalone culture.
Cage culture of fish in Hong Kong began in 1972. Young
fish below marketable size were stocked in iron or poly¬
ethylene net cages that floating on sea surface by rafts.
This industry expanded rapidly from 256 cages in 1979 to over
9000 cages in 1979( Tseng, 1979) and 25,000 cages in
1982( Tseng, 1983)• In Tig. 10, the distribution
of cages in Hong Kong is shown. Similarly, abalone culture
may start by culturing young abalone until they reach
marketable sizes. This unborn industry may be developed
to be a branch of the fish culture industry.
According to the special habitats of abalone, the facilities
of abalone culture may differ from ordinary fish culture.
Enclosed cages are needed to prevent the abalone from
escaping. Shelters and substratum must be placed in the
cages. Also, the cages should be located at the more
exposed area of the farm to facilitate water circulation
in the cages.
5.3 The Potentiality of Stable Food Supply for Abalone
Culture
In abalone culture, the demand of fresh seaweed is great
The feeding ratio of abalone to Gracillaria sp. is f to If
in Taiwan. But in Hong Kong, there is no local seaweed
culture and natural macroflora thrive only in short periods,
with the exception of Sargassium which can be found all
year round. So supplementary diets are needed.
In experiments, artificial diets may support better growth
in young abalones. It is possible to use these diets as
the main or supplementary food source. Also, applications
of artificial diets can avoid predators such as crabs or
other organisms that may be brought into the pond or
cage together with the seaweeds. However, one can compare
the cost of producing artificial diets and collecting
natural seaweeds before deciding on the source of diets.
Nevertheless, a stable food supply is very important in
establishing an aquaculture industry.
1•!- The Potentiality of a Stable Abalone Seed Supply
Small abalone can still be caught locally, and they are
usually found just below the subtidal shores. However,
this supply fluctuates and cannot be considered a stable
source for abalone culture. Artificial propagation thus
seems to be the only way to provide a steady seed supply.
As propagation of abalone in Taiwan is quite successful,
large amount of seeds can be obtained from private hatcheries.
It is therefore possible to import abalone seeds from Taiwan
since the voyage is short and transportation is not
expensive. However, the seeds may be weakened or damaged
during the journey thus increasing the mortality when
culture.
As a long term investment, artifical propagation technique
must be established in Hong Kong. However, the site selection
for a hatchery is very important, since the larvae and the
juvenile of abalone are very fragile, thus minimal pollution
of culture water will cause a high mortality.
Healthy spawners are also important to a successful propagation.
Cultured spawners near the hatcheries can avoid unnecessary
temperature shock or suffocation during transportation.
5.5 Problems to be Solved
Marine foulings usually adhere to the cage-nets and the
species vary with seasons and locations( niseng and Yuen,
1978; Chin et al., 1982; Huang and Mat', 1882). The
fouling organisms block up the net mesh and reduce the
water circulation in the cages. Thus it lowers the oxvmen
supply and water renewal and this may hinder the growth
of abalone.
An experimental culturing of abalone in pore-bucket was
carried out in March to May 1981. Buckets were hanged in
1-2 m depth of water at Lo Fu Wat in the Yolo Channel.
After 3 weeks, large amount of marine foulings were found
attach to the abalone shells( Fig. 11), and the net
weight of abalone dropped at the end of the experiment.
The appearance of abalone with foulings was unpleasant
that no one would like to buy it. For bhis reason, the
market value was reduced.
Also, boring organisms attacked the shell of abalone had
been rerouted by scientists( Cox, 1962). Ko;jima and
Imajima( 1982) round that the infection of burrowing
polychaetes, Polyclora, could reduce the flesh weigh; of
abalone.
There are other unidentified diseases that cause the weahness
and death of abalone. See also Pig. 12. All of these are
unbeneficial to the culturing industry. So further investi¬
gations and solution to the problem must be made.
S.S Others
Under the Marine Fish Cul ture Ordinance 1°CO, provisions
are made for designation of fish culture zones. Fish
culture outside the designated zones is prohibited and
these zones are protected from pollution anal unneccessary
interference. This is the first of Government direct
involvement•in the industry of mariculture. But mora
encouragement and aids from the Government are needed.
More funds must be available for research on the potential
problems that may exist in the industry and Government-
sponsored prototype tests need to be set up as to accelerate



























Fig. 9 The ma;ior ecological subdivisions of the Hong
Kong seashore and the near values of temperature
and salinity of surface water in summer and winter

























10. Po Toi Island
13• Lantan I siand
2. Wong Wan Chau





6. Vu Kai Sha
9. Rocky Harbour
12. Cheung Chau
15• T s i n g YI
Pig. 10 The distribution of fish-cage culture in Hong Kong.
( Data summarized from Tseng, 197° and 1983•)
A: Marine foulings attached to and covered the net and
the bucket.
3: The bucket surface after clearing of the foulings.
C: Marine foulings attached to the shell of abalone.
The dominate species is Hydroides elegans.
Fig. 11 Heavy marine foulings attached to the bucket
and the shell, of abalone after hanging at Lo
Fu Wat for one month.
FIG 12 DISEASES OF ABALONE
A BORING ANIMALS ATTACK THE SHELL
B UNIDENTIFIED INFLAMMATION IN THE FOOT MUSCLE
References
Australia, 1977• A compilation of Australian vatcr
quality criteria. Australian Water Resources Council,
Canberra, Australia. Technical Buir-•
Bardach, J.E., J.H. Ryther and V.O. McLarney. 1972.
Aquaculture. In The farming and husbandry of fresh-
wat er and marine organi sm s. Vi 1 ey- int er sci enc e,
New York.
Beard, T.W. and J. P. Wickins. 1980. Breeding of Penaeus
monodon Fabricius in laboratory recirculation systems.
Aquaculture 20:79-89-
Bennett, R. and H.I. Nakada. 1968. Comparative carbohydrate
metabolism of marine mollusks. I. The intermediary
metabolism of Mytilus californianus and Haliotis
rufescens. Comp. Biochem. Physiol. 2d:787-797.
—WWmwtHWWwiifroiilBw.
Bennett, R., N. Thanassi and H.I. Nakada. 1971- Hepato-
pancreas glycosidases of abalone( Haliotis rufescens)
Comp. Biochem. Physiol. B 40:807-811.
Brereton, A., H. Lord, I. Thornton and J.S. Webb. 1973•
Effect of zinc on growth and development of larvae
of the Pacific Oyster, Crassostrea gigas. Mar. Biol.
19:96-101.
Bryan, G. 1971- The effects of heavy metals( other than
mercury) on marine and estuarine organisms. Proc.
Roy. Soc. London. B 177-389-410.
Calabrese, A., R.S. Colier, D.A. Nelson and J.R. Maclnnes.
1973 The toxicity of heavy metals to the embryos
of the American Oyster, Crassostrea virgininea. Mar.
Biol. 18:162-166.
0 an ad. a, 1972. Gu i d e 1 i n e s f o r va t e r qua 1 i t y o b 1 e c t i v e s
and standards. Dept. of Environment. Inland Maters
Directorate, Ottawa, Ontario. Technical Bull. 67-
Carlisle, J.G. 1962. Spasming and early life history of
Hali oti s riii'escens Swainson. Nauti 1 us 76(2): V-~11-8.
Charney, J. and R.M. Tomarelli. 191-7 A colorimetric
method for the determination of the proteolytic
activity of duodenal juice. J. Biol. Chem. 171: 501-
505
Chan, J.P., M.T. Cheung and P.P. Lau. 1974. Trace metals
in Hone Konrr waters. Mar. Poll. Bull. 5:171-1''+.
Chen, H.S. and U.S. Yang. 1979- The artificial propaga-
tion of small abalone, Haliotis diversicolor
supertexta Lischhe. China Fisheries. 3H-:3-9-
Chen, M., H. Lu, 0. Zhuang, S. Gao and S. Chen. 1976.
A preliminary study on the artificial rearing of
'hhe larvae and juveni1e of Haliotis diversicolor
Reeve. Stu. Mar. Sin. 11:185-199( in Chinese)
Chin, T.G., Z.D. Cheng, B.C. Liu and J.M. Lin. 1982.
Fouling diatoms from Hong Kong waters. In. Proceedings
of the First International Marine Biological Workshop:
The Marine Floral and Faunna of Hong Kong and Southern
China, Hong Kong, 1980.( Eds. B.S. Morton and O.K. Tseng)
Hong Kong University Press. 761-765.
Cox, K.W. 1962. California abalones, family Haliotidae.
Fish. Bull. 118:1-153-
Crofts, D.2. 1929. Haliotis. Liverpool Mar. Biol. Comm.,
Mem. 29. 1-171.
Crofts, D.R. 1937. The development of Haliotis tuberculata
with special reference to organogenesis during torsion.
Roy. Soc. Bond., Phiios. Trans., ser. B, 228(552):
219-268.
Davey, E.V., M.J. Morgan and S.J. Erickson. 1973. A
biological measurement of the copper complexation
capacity of seawater. Limnol. Oceanogr. 18:993-997.
Ebert, E.S. 1969. Abalone in The Encyclopedia of Marine
Resources( F.E. Fifth ed. )Van Nostrand-Reinhold
Princeton, New Jersey. 2.
Gillespie, P.A. and R.F. Vaccaro. 1978. A bacterial
bioassay for measuring the copper-chelation capacity
of seawater. Limnol. Oceanogr. 23:543-51-8.
Hartree, E.F. 1972. Determination of protein: a modi¬
fication of the Lowry method that gives a linear
photometric response. Anal. Biochem. 48 :122-1-27.
Harrison, A.J. 1969- Australian abalone industry. Aust.
Fish. 28(9): 2-A.
Hayashi, J. 19P0. Tho reproductive biology of the over,
Haliotis tuberculata. J. mar. biol. Ass. U. F.. 60:
615-630.
Hofer7 B. 1979 a. The adaptation of digestive enzymes to
temperature, season and diet in roach, Rutilus rutilus L.
and rud.d Scardinus erythr oph t h al rnu s L. I. Amylase.
J. Fish. Biol. 16:565-572.
Hofer, R. 1979 b. The adaptation of digestive enzymes to
temperature, season and diet in roach, Rutilus rutilus L.
and rudd Scardinius erythrophthalmus L. Proteases. J.
Fish. Biol. 15:373-579.
Huang, Z.G. and P.M.S. Mak. 1982. Studies on biofouling
in Tolo harbour. In proceedings of the First
International Marine Biological Workshop: The Marine
Flora and Fauna of Hong Kong and Southern China, Hong
Kong, 1980.( Eds. BS. Morton snd C.K. Tseng) Hong
Kong University Press. 767-787.
Ino, T. 1963- Feeding and growth of Japanese abalone,
Haliotis gigantea discus Reeve. Bull. Jpn. Soc. Sci.
Fish. 2:171-176.( i n Jan ane s e)
Ino, T. 1952. Biological studies on the propagation of
the Japanese abalone( genus Hallotis). Bull. Tokai Reg.
Fish. Res. Lab. r:1-102.( in Japanese)
Kawai, S. and S. Ikeda. 1972. Studies on the digestive
enzymes of fish. II. Effect of dietary change on the
activities of digestive enzymes in crap intestine.
Bull. Jpn. Soc. Sci. Fish. 38(3):265-270.
Kikuchi, S. and N. Uki. 1974-• Technical study on artificial
spawning of abalone( genus Haliotis}. II. Effect of
irradiated seawater with ultraviolet rays on inducing
to spawn. Bull. Tohoku Reg. Fish. Res. Lab. 33'• 79-86.
K o i i m a, H., Y. N ah ah i s a, H. T an i m o t o an d K. I s i b a s i. 19 77•
A study on the stock of Japanese black abalone, Haliotis
Haliotis discus discus in Tokushima Prefecture- I.
Growth of shells. Bu11. Tokai Reg. Pish. Res. Lab.
90:25-37.
Kojima, H. and Mi. Imajima. 1982. Burrowing polychaetes
in the shells of the abalone, Haliotis diversicolor
aauatilis, chiefly on the species of Polydora. Bull.r—i,||.. .....7 i p. i ,i i..| g ii,
Jpn. Soc. Sci. Fish. P8( 1): J1-35.( in Japanese)
Lawrence, A.L., J. Fox and F.L. Castille. 1981. Decreased
toxicity of copper and manganese ions to shrimp
nauplii( Penaeus stylirostris Stimpson) in the
presence of EDTA. Proc. Wor. Mar. Soc. 12(1):271-280.
Lee, B.D., T.Y. Lee and P. Chin. 1973- Studies on the
propagation of abalones. Publ. Mar. Lab. Busan Fish.
Coll. 6:39-52.
Leigh ton, D. and R. A. Boolootian. 1963- Diet and growth
in black abalone, Hal lot is cracherodii. Ecol. 4-4(2):
227-238.
Leighton, D. 1966. Studies of food preference in algivorous
invertebrates of Southern California kelp beds. Pac.J-
Sci. 20:104-113•
Levis, A.G., A. Ramnarine and M.S. Evans. 1971- Natural
chelators an indication of activity with the calanid
copepod Euchaeta japonica. Mar. Biol. 11:1-4.
Lewis, A.G., P.H. Whitfield and A. Ramnarine. 1972. Some
particulate and soluble agents affecting the relatioship
between metal toxicity and organism survival in the
calanoid copepod Euchaeta japonica. Mar. Biol. 12:
215-221.
Li, C.P. 1960. Antimicrobial effect of abalone Juice.
Proc. Soc. Exp. Biol. Med. 103:522-524-.
Lowry, O.H., N.J. Rosenbrough, A.L. Fau and P.Jc Randall.
1951. Protein measurement with the Polin phenol reagent.
J. Biol. Chem. 193:265-275-
Masaoka T. 1980 a. Studies on the feasibility of artificial
diet for young abalone. II. Mass culture of abalone
wi t h a r t i f i c i al d lets. I b a rak i P 2? e. Pi s h. Ext:. St a.
Bull. 23:1-4-. (in Japanese)
Masaoka, T. 1980 b. Studies on the feasibility of artificial
diet for young abalone. III. The relation of feeding nnd
water exchange in high temperature culture water. Ibaraki
Pre. Fish. Exp. St a. Ann. Rep. 1980. 70-76.
Mock, C.R. and M.A. Murphy. 1970. Techniques for raising
penaeid shrimp from egg to postlarvae. Proc. Vor. Mar.
Soc. 1:183-156.
Montgomery, V.A. 1966. Processing and canning abalone.
Aust. Pi sh. Nevsl. 25- 23-
Morris, O.P. and G. Russell. 1972. Effect of chelation on
toxicity of copper. Mari. Poll. Bull. 3159-160.
Morse, D.E., H. Duncan, N. Hooker and A. Morse. 1977-
Hydrogen peroxide induces spawning in mollusks, with
activation of prostaglandin endoperoxide synthetase.
Science. 196:298-300.
Morse, D.E., N. Hooker, L. Jensen and H. Duncan. 1979-
Induction of larval, abalone settling and metamorphosis
by Y-aminobutyric acid and its congeners from crustose
red algae. II. Applications to cultivation, seed-
production and bioassays; principal causes of mortality
and interference. Proc. Vor. Mar. Soc. 10:81-91-
Morton, B.S. and R.S.S. Vu. 1975- The hydrology of the
coastal waters of Hong Kong. Environ. Res. 10: ;19~
387.
Murayama, 5. 1935- On the development of the Japanese
aba .lone, Haiiotis pi man tea. J. Coll. Agric. 8(3):
- npn.
Nakada, H.I. and P.O. Sweeney. 196?. Alginio acid and
degradation by eliminases from abalone hepatopancreas.
J. Biol. Chem. 242:845-851.
Newman, G.G. 1987. Reproduction of the South African
abalone Haiiotis midae. Invest!. Rep. Div. Fish.
S. Afr. 64:1-24.
Newman, G.G. 1969- Distribution on the abalone, Haiiotis
rnidea and- the effect of the temperature on product¬
ivity. Investl. Rep. Div. Fish. S. Afr. 74:1-8.
Nishimura, K., M. Miki, S. I to and. Ik Shioya. 1969•
Studies on the aquaculture of Sulcuius diversicol or
diversicolor- I. Development and growth. Bull. Jpn.
Soc. Sci.' !sh. 35( 4): 336-341.
Ogino, C. and E. Ohta. 1963. Studies on the nutrition
of abalone. I. Feeding trials of abalone, Haiiotis
discus Reeve with artificial diets. Bull. Jpn. Soc.
Sci. Fish. 29(?) :691-69'+.( in Japanese)
Ogino, 0. and N. Kato. 196'+. Studies on the nutrition
of abalone. II. Protein requirements for growth of
abalone, Haiiotis discus. Bull. Jpn. ooc. Sci. wish.
30(6):52p-526.( in Japanese)
01ley, J- and S.J. Thrower. 1977- Abalone—-an esoteric
food. Adv. food Res. 23:11-3-186.
Olson, K. and R. Harrel. 1973• Effect of salinity on
acute toxicity of mercury, copper and chromium for
Ranyia cuneata( Pelecypoda, Mactridae). Oontr.
.Mar. Sci. 17:9-13-
Paul, A.J. 1977- Observations on food preferences,
daily ration requirements and growth of Haliotis
kamtschatkana Jonas in captivity. Veliger 19(3):303-
309-
Pitman, J. and R. Peck. 1979- The physical nature of
the Hong Kong seashore. In The future of Hong Kong
shore M.( Ed. B.S® Morton) Oxford University Press.
13-1A-
Poore, G.C.B. 1972. Ecology on New Zealand abalone,
Haliotis species( Mollusca: Gastropoda). I. Feeding,
J. N. Z.. mar„ Preshwat. Res. 6(1):11-22.
Poore, G.O. B. 1973- Ecology of New Zealand abalones
Haliotis species( Mollusca: Gastropoda) IV.
Reproduction. N. Z. J. mar. Pre shwat. Res. 24-: 217-
p czn
Saito, K. 1Q81. The appearance and growth of 0-year-old
Ezo abalone. Bull. Jan. Hoc. Sci. Fish. -U7( 11): 1 393-
1400.
Sakai, S. 1962 a. Sc o1ogic al studie s on th e abalonc,
Haliotis discus hannai. I. Experimental studies on
the food habits. Bull. Jpn. Soc. Sci. Fish. 28(F):
766-779-( in Japanese)
Sakai, S. 1962 b. Ecological studies on the abalone,
Haliotis discus hannai, IV. Studies on growth. Bull.
Jpn. Soc. Sci. Fish. 28(9) :899-904-.(( in Japanese)
Sekr, T. and H. Kanno. 1981. Observations on the settle¬
ment and metamorphosis of the veliger of the Japanese
abalone, Haliotis disens hannai Ino. Bull. Tohoko
Reg. Fish. Res. Lab. 4-2( 1): 31-39.
Shepherd, S.A. and N.M. Laws. 1974-. Studies on southern
Australian abalone( genus Hairotis) II. Reproduction
of five species. Aust. J. mar. Freshwat. Res. 25:4-9-
ao
Shimeno, S. 1981 a. Adaptation of hepatic enzymes to diet¬
ary iioid. in young yellow—tail. Bull. Jpn. Soc. Sci.
Fish. 4-7(1): 63-69-
Shimeno, S. 1981 b. Adaptation of hepatopancreastic enzymes
to dietary carbohydrate in crap. Bull. Jpn. Soc. Sci.
Fi sh. 1-7 (1): 71- 7 7•
Smith, 3.W. and J.H. Rob. 19V- A photometric method
for the determination of -amylase in blood and urine,
with use of the starch iodine color. J. Biol. Ohern.
171;53-59.
Sprague, J.B. 1968. Promising anti-pollutant: Chelating
agent NTA protects fish from copper. Nature 220:
1345-4 34-6.
Sunda, W. and R.R.L. Guillard. 1976. The relationship
between cupric ion activity and the toxicity of
copper to phytoplankton. J. Mar. Pes. 34.511-529•
Panama, 1. 1976• Svimning behavior of the abalone larvae,
Nordotis gigantea, in an outdoor tank. Bull. Tokai
Reg. Pish. Res. Lab. 95:15-22.
Thurberg, F., M. Dawson and R. Collier. 1973- Effects
of copper and cadmium on osmoregulation and oxygen
comsumption in two species of esturine crabs. Mar.
Biol. 23:171-175.
Tseng, O.K. 1940. Marine algae of Hong Kong- Historical
survey and list of recorded species. J. II. K. Pish.
Res. Sta. 1(2):1-220.
Tseng, V.Y. and K.H. Yuen. 1978. Studies on fouling
organism on mariculture nets and cages in Hong Kong.
Proe. Coll. Aquatic Environ. Pac. Reg. Taipei, 1978.
1B1-159.
'tsenm, P.Y. 1979. Pari culture in Hong Kong. China vish.
Hon.. 3 2 3:12-1 5.( in Ohino s e)
Tseng, W. Y. 19 9. Mariculture in Hong Kong. ( unpublished
data)
Tseng, V.Y. and V.Y. Wong. 1983. Abalone in Hong Kong.
( in preparation)
IJki, N. 1981. Hood value of marine algae of order
Laminariales for growth of the abalone, Haliotis
discus hannai in relation to body size and temperature.
Bull. TohoAcu Keg. Fish. Res. Lab. 35-73
U.S., EPA. 1976. Quality criteria for water. Environmental
Protection Agency, Washington, D. C. Pub. EPA-440/
9-76-023.
Watts, JoO.D. 1973- Further observations on the hydro-
logy of the Hong Kong territorial waters. H. K. Fish.
Bull. 3:9-35.
Westley, R.E., S. 01sen and 0. Jones. 1980. Shellfish
enhancement project, part II. Invertebrate aquaculture.
( copy from the authors)
Worm, M.H. 1981. Environmental innacts of iron ore
tailings- the case of Tolo harbour, Hong Kong. Environ.
Manag. 5(2):135-145
Xing Tung Aquaculture Institute.( Ed.) 1980- Abalone
cultcure. In 11 Aquaculture o f Shelll isn' agr-cul oiire
Press. 351-373. ( ic Ohine s e)
Yahata, T. 1973- Induced spawning of abalone, Nordotis
discus Reeve, in j e cted vith ganglon suspensions„
Bull. Jpn. Sec. 3ci. Fish. 39 (11):1117-1122.
Yang, H.S. and H.S. Chen. 1979. The effeets of temper-
ature and salinity on the embryonic development of
Haliotis diversicolor supertexta. J. Mar. Sci. 21:
78-89.( in Chinese)
Yano, I. and Y. Ogawa. 1977- Effects of light, temperature
and hydrostatic pressure on the vertical distribution
of abalone larvae, Hallotis gigantea. Bull. Total
Reg. Fish. Res. Lab. 81:19-27.


